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Abstract 

MDM-2 is also known as E3 ubiquitin-protein ligase encoded by Mdm-2. 
MDM-2 is an important negative regulator of p53 tumor suppressor and 
performs key function as an inhibitor of p53 transcriptional activation and E3 
ubiquitin ligase. MDM-2 also plays significant role in human cancers and 
therapeutic target. Hundred different structures were predicted through 
comparative modeling, threading and ab initio approaches followed by the 
evaluation of predicted structures through various evaluation tools including 
ERRAT, ProSa-web, Rampage, molprobidity, verify3D and Anolea. The 
selected 3D structure of MDM-2 showed 13 a- helix chains, 2 B-pleated sheets 
along with 97.4468% overall quality factor of the predicted structure. 
Interestingly, it was observed that only 4.5% residues were present in outlier 
region and the observed errors were fixed. Moreover, 91.1% residues of the 
selected structure were present in favored region and 8.9% in allowed region 
having -6.0 Z-score. High throughput virtual screening and comparative 
molecular docking studies was performed. Four novel compounds have been 
reported that showed minimum binding energy (-8.1 Kcal/mol) and maximum 
binding affinity against MDM-2. Molecular docking analyses revealed that 
Ser154, Arg155, Pro156, Ser157, Lys185, Ser186, Ser188, Ser190, Ile189, 
Val247, Glu257, Asp173, Glu174, Glu178, Arg161, Ard181, Lys182, Arg183 
and His184 residues are significant residues for therapeutic drug targets. The 
reported compounds showed effective energy scores. In addition, the site- 
directed mutagenesis may be helpful for further analyses. The reported 
compounds may act like potent drug compounds against MDM-2. 


This work is licensed under the Creative Commons Attribution Non- 
Commercial 4.0 International License. 
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Introduction 


MDM.- 2 is also known as E3 ubiquitin-protein ligase 
encoded by Murine Double Minute (MDM-2). It is an 
important negative regulator of p53 [1-4] and a major 
tumor suppressor gene [2, 3, 5]. MDM-2 performs a 
key function as an inhibitor of p53 transcriptional 
activation and E3 ubiquitin ligase [2, 3, 6]. The 
inhibition of transcriptional activation leads to favors 
the nuclear export and stimulates the proteasome- 
based degradation [2, 6]. It is also an important 
positive regulator of E2F-1 involved in cell cycle [7]. 
MDM.-2 plays significant role in human cancers as 
well as in various cancer therapeutic targets [2, 8]. 

George and co-workers discovered MDM-2_ located 
on double minute chromosomes which was 
overexpressed in spontaneously arising tumorigenic 
murine Balb/c 3T3 fibroblast cell line (3T3DM) with 
50 fold amplification [9, 10]. In human, mdm-2 is 
located on chromosome 12q13-14 [4], Oliner, 
Kinzler, Meltzer, GeorgeVogelstein (11],. Whereas, 
MDM.-2 is found on chromosome 10 C1-C3 in mice 
[9]. MDM-2 has 491 amino acids in human and 489 
amino acids in mouse [[10],. MDM-2 consists of 12 
exons and two p53 responsive elements (p53 RE) in 
intron 1 and two promoter regions [6, 12]. MDM-2 is 
divided into three major domains including central 
domain containing an acidic region, a C4 zinc finger 
domain consists of the N-terminal region and the C- 
terminal RING finger domain for the regulation of p53 
ubiquitination [2, 12, 13]. The RING family of E3 
ubiquitin ligases consists of MDM-2 and is 
responsible for its E3 ligase activity [6, 12, 14, 15]. 

MDM-2 performs the ubiquitination of proteins which 
is an enzymatic cascade system and occurs in complex 
series of steps [6, 12]. Number of steps is involved 
including  ubiquitin-activating enzymes (El), 
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ubiquitin-conjugating enzymes (E2), and ubiquitin 
ligases (E3). El enzyme binds and activates the 
ubiquitination [6, 13]. Ubiquitin is 76 amino-acid 
protein which further activates E2 conjugating 
enzyme and is transferred to E3 enzyme [14, 16]. E3 
enzyme is a ligase covalently bonds the ubiquitin to 
the substrate. MDM-2 has the ability of self- 
ubiquitination and it functions as E3 ligase to 
ubiquitination of p53 at several lysine residues (Fig. 
1) [8, 15]. 

MDM-2 was identified as highly amplified gene 
involved in the inactivation of p53 which is activated 
in response to physiological stress. The activation of 
p53 results into G1 arrest of cells leads to apoptosis 
[8, 16]. The inactivation of p53 by MDM-2 held by the 
by direct blockage of the p53 domain and also by the 
degradation of protein through polyubiquitin- 
proteasome pathway [6, 13, 17]. Thus, these two 
proteins form an auto-regulatory feedback loop in 
which p53 positively regulates the MDM-2 expression 
levels [1, 6] and MDM-2 negatively regulates the p53 
[2, 6, 16]. 

MDM-? exerts major role in oncogenic activities in 
human cancers including breast cancer and gastric 
cancer [7, 18, 19]. MDM-2 inhibitors perform 
anticancer activity inhibiting the MDM-2 and also 
through down-regulating the MDM2 [8, 18-20]. 
MDM.-2 is also involved in numerous chronic diseases 


including autoimmune diseases, dementia and 
neurodegenerative diseases, heart failure and 
cardiovascular diseases, nephropathy, diabetes, 


obesity, sterility and inflammation [1, 6, 18]. MDM-2 
has multiple non-carcinogenic roles. The pathway of 
p53-MDM-2 is the significant approach for 
neuroblastoma therapy [20]. Therefore, the study of 
MDM-2 and its drug designing will prove promising 
for treating and preventing malignant as well as 
nonmalignant diseases. 
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Fig. 1: 2D structure of MDM-2 protein and gene. MDM-2 consists of Zn-finger, Zn-finger domain, nuclear localization signal NLS 


and NoLS, nucleolar localization signal. 
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Bioinformatics techniques have resolved number of 
biological problems [21-23]. It has reported various 
novel compounds against cancer and other biological 
disorders [24]. The aim of current work was to use 
bioinformatics approaches to predict 3D structure of 
MDM.-2. The primary approaches of this research are 
computational analyses, 3D structural prediction of 
MDM-2 and comparative molecular docking 
analyses. Extensive literature review evidenced that 
no compound is reported against the direct inhibition 
of MDM-2. Therefore, the aim of this work was to 
design small molecules to target MDM-2. To 
accomplish the goals of work, sequence collection, 
comparative modeling, threading and ab initio 
approaches were utilized followed by the comparative 
molecular docking analyses. From the observed 
findings, it was concluded that the binding 
interactional residues may have the ability to use for 
further wet lab experiments. 


Materials and Methods 


In the current studies, 3D structure prediction, 
sequence analyses, and comparative molecular 
docking analyses were done on an advance DELL 
workstation. The amino acid sequence of MDM-2 was 
retrieved for 3D structure prediction of the target 
protein, as the selected gene (MDM-2) is considered 
as a suspected candidate of cancer. UniProt 
Knowledgebase (KB) [25] was utilized to retrieve the 
amino acid sequence of MDM-2 in FASTA format 
having accession number A7UKY0. The amino acid 
sequence of the selected target protein MDM-2 was 
subjected to BLASTp search and Protein Data Bank 
(PDB [26]) was utilized for the search and 
identification of a suitable template. The x-ray 
crystallographic structure of p53 epitope-scaffold 
based on inhibitor of cysteine proteases in complex 
with human MDM2 having resolution of 1.92 A was 
selected for homology modeling of MDM-2 as a 
suitable template, with max score of 288, 58% query 
coverage, 100% identity and E-value of 1le-99. 
Modeller 9.14 [27, 28], the reliable protein-modeling 
automated program was employed for 3D structure 
prediction of MDM-2 through satisfying the spatial 
restraints. Computational ab initio and threading 
approaches were used to predict the 3D structures of 
MDM-2. The energy minimization of the predicted 
MDM.-2 structures was performed followed by the 
geometry optimization by employing the UCSC 
Chimera 1.9. The energy minimization of the selected 
3D structure of MDM-2 was performed for 1000 
steps, performed the conjugate-gradient method 
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followed by protonation of wild-type histidines using 
the Amber ff98 method. Various 3D structure 
evaluation tools including Errat [28], ProCheck [29], 
Anolea [30], Rampage [31] and WhatCheck were 
employed to evaluate the reliability and quality of the 
3D predicted structures of MDM-?2. All the predicted 
3D structures of the selected target protein were 
further evaluated by the MolProbity. The final 
selected structure of MDM-2 having poor rotamers 
and ramachandran outliers were corrected through 
employing the WinCoot. 

Various bioinformatics tools (I-Tasser, Modeller, 
Swiss-model, RaptorX [32], Robetta [33], Rosetta 
[34], Quark, ChemDraw [35], AutoDock Tools, 
PyMol [36], Discovery Studio [37] and UCSF 
Chimera [38]) were used for in silico studies of MDM- 
2 followed to design novel compounds that may act as 
potent inhibitors against MDM-2. Molecular docking 
studies were done by using the AutoDock and 
AutoDock Vina. For molecular docking analyses, the 
receptor molecule was prepared by adding the 
hydrogen polar atoms. Hundred molecular docking 
runs were performed for each molecular docking 
experiment. The utilized grid size for molecular 
docking studies was set at 56x56x56 A in the x-, y, 
and z-axis, respectively, having the grid spacing of 
0.648 A to cover the complete receptor protein. ZINC 
database was utilized for high throughput library 
screening for molecular docking analyses (Fig. 2). 


Results and Discussion 


The aim of the current effort under consideration was 
depends on the relation of MDM-2 with cancer. 
Extensive in silico studies were performed to design, 
identify, and evaluate the novel compounds against 
cancer by targeting MDM-2. The five top ranked 
optimally aligned suitable templates having maximum 
score, maximum identity, query coverage and E- 
values are presented in Table 1. All the selected 
templates showed reliable predicted structure 
however 5SWK selected template showed better 
evaluation results for homology modeling of MDM-2. 
The query coverage of the target sequence and 
template sequence was satisfactory for the prediction 
of 3D structures of MDM-2. 

For more reliable structures and to lower down the 
error chances, threading and ab intio approaches were 
also used to predict the 3D structures of MDM-2. For 
3D structure prediction of MDM-2, numerous tools 
(Robetta [33], I-TASSER [40], Rosetta [34], Quark, 
RaptorX [32], and Swiss Model [41]) and Modeller 
[42] were utilized. Numerous 3D evaluation tools 
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UCSF Chimera 
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Structure 
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Molecular 
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Structure validation 


Errat, Verify 3d, Rampage, 
Whatcheck, Whatif, 
Procheck Anolea, prosA 


Structure 
refinement 


UCSF Chimera 


Fig. 2: The followed methodology for predicting 3D structure prediction and molecular docking analyses [39]. 


Table 1: The most suitable aligned template observed from BLASTp against MDM-2 having E-value, Maximum 


identity, query coverage and maximum score 


Accession ID Max. score Totalscore Query coverage Max. Identity E-value 
5SWK 288 288 58% 100% le-99 
2LZG 238 238 48% 100% 3e-80 
4HBM 226 226 46% 100% 2e-75 
S5WTS 225 225 46% 100% 3e-75 
1Z1M 225 225 45% 100% 3e-75 


were employed to compare all the 3D predicted 
structures and the most reliable and suitable optimally 
predicted 3D structure of MDM-2 was selected for 
further experiments. The 3D selected structure of 
MDM-2 was subjected to molecular docking studies. 
The energy minimization of the selected model was 
performed to remove and fix the steric constraints by 
relaxing the system (Fig. 3). The selected 3D model 
of MDM-2 was analyzed and visualized through 
UCSF Chimera (Fig. 4). 

Various evaluation tools were selected to assess the 
predicted 3D structure of MDM-2 and the observed 
results indicate the efficacy and reliability of the 
predicted structure of MDM-2. The observed 
ramachandran plot [43] of the predicted structure 
showed the presence of 95.5% residues in the allowed 
and the favored region of the plot, and 4.5% of the 
residues were observed in the outlier region of the 
plot. The overall quality factor of 97.4468% was 


observed for the final selected structure of MDM-2 by 
ERRAT evaluation tool (Fig. 3). 

ZINC database selected library was screened by 
molecular docking analyses and the top ranked forty 
compounds were selected for further studies. 
AutoDock 4 and AutoDock Vina molecular docking 
tools were used for molecular docking analyses and 
the top ranked two complexes having least binding 
energy were selected (Figure 6). The observed results 
showed satisfactory analyses and conclusion were 
deduced from docked complexes of the selected 
molecules against MDM-2. The effort to elucidate the 
novel hits, top ranked four scrutinized compounds 
from the selected library was revealed (Table 2). 
Interestingly, it was observed that the majority of the 
compounds showed the binding interactions at similar 
binding site of the selected target protein. 

The top ranked scrutinized compounds through 
molecular docking analyses having least binding 
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Fig. 3: Comparative evaluation analyses of the predicted 3D structures of MDM-2 target protein based on favored 
region, ERRAT quality factor, outliers and allowed region 


Fig. 4: 3D predicted structure of MDM-2. Red color represents the binding pocket A) surface having transparency B) 


surface of the MDM-2 with no transparency. 
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energies were revealed, namely ZINC8765218 and 
ZINC5186521 (Fig. 5). It was observed that Ser154, 
Arg155, Pro156, Ser157, Lys185, Ser186, Ser188, 
Ser190, Ile189, Val247, Glu257, Asp173, Glul74, 
Glul78, Argl61, Ard181, Lys182, Arg183 and 
His184 interacting residues of MDM-2 exhibited 


/ 
a Va a 


ZINC8765218 
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maximum binding affinity (Table 2). The 
interactional studies of the scrutinized compounds 
through molecular docking analyses against MDM-2 
were analyzed and interactional plots of the selected 
compounds were visualized by employing UCSF 
Chimera [38] (Fig. 6). 


ZINCS5186521 


Fig. 5: 2D structures of the scrutinized top ranked two compounds 


Table 2: Molecular docking studies of the selected top ranked 2 novel compounds 


Ligand Binding affinity =rmsd/ub___rmsd/Ib Interacting residues 
ZINC8765218 -8.1 kcal/mol 0 0 Ser154, Arg155, Pro156, Ser157, Lys185, Ser186, 
Ser188, Ser190, e189, Val247, Glu257 
ZINC5 186521 -7.6 kcal/mol 0 0 Serl154, Arg155, Asp173, Glu174, Glu178, Arg161, 


Ard181, Lys182, Arg183, His184, Lys185, Ser186 


Bioinformatics used the computational analyses to 
solve the biological problems by employing the 
statistical and mathematical methods [21, 23, 24]. The 
structural bioinformatics helped to solve numerous 
biological problems [23, 44] and also contributes to 
design the vaccines against viral diseases including 


SARS-CoV-II through immunoinformatics 
approaches [44]. The drug design is a time consuming 
and costly procedure. Therefore, various 


computational methodologies and approaches were 
applied in current project. 

In present study, computational analyses were carried 
out followed by the 3D structure prediction of MDM- 
2. The predicted 3D structure the selected target 
protein showed good degree of accuracy and the 
active site of the selected target protein MDM-2 were 
focused. Molecular docking analyses were performed 
by AutoDock Vina and AutoDock 4 to reveal the 
interactions between the selected receptor protein and 
the scrutinized compounds. The scrutinized 
compounds showed efficient binding at similar 
binding positions and critical interactional binding 
residues (Ser154, Arg155, Prol56, Ser157, Lys185, 
Ser186, Serl88, Serl190, Ile189, Val247, Glu257, 


Asp173, Glu174, Glul78, Argl61, Ard181, Lys182, 
Arg183 and His184) were observed through 
comparative molecular docking analyses (Figure 6) 
and the binding region was revealed. The scrutinized 
compounds showed least binding energy score. 
Comparative molecular docking analyses suggested 
that the scrutinized compounds may satisfy the drug 
properties. Based on extensive in silico analyses, it is 
suggested that the reported compounds 
(ZINC8765218 and ZINC5186521) have potential. 


Conclusion 


In conclusion, the current extensive computational 
analyses suggested that the reported compounds are 
effective against cancer by targeting MDM-2. 
Although numerous divergences usually exist among 
the computational analyses however the in silico- 
based analyses seem to be sufficient to conclude that 
the reported compounds may be a good option. 
Further experimental analyses and synthesis of the 
reported compounds considering the observed results 
may expect similar response rates. 
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Figure 6: The observed potential binding interactions of the top ranked 2 scrutinized compounds through molecular 
docking analyses A) ZINC8765218 B) ZINC8765218 


Acknowledgements 


The authors are thankful to Department of 
Bioinformatics, University of Okara, Okara, Pakistan 
and Muhammadan Laboratory of Computational 
Biology for providing research platform. 


Conflict of interest 
The authors declare no conflict of interest. 


References 


[1] Jang H, Luo J, Lei H. The roles of mouse double minute 2 
(MDM2) oncoprotein in ocular diseases: A review. 
Experimental Eye Research 2022:108910. 

[2] Xinrui J, Annan S, Kexin W, Ran H, editors. Inhibition of 
Mdm2 ubiquitin-ligase activity by PRDX1 leads to the 
activation of p53 tumor suppressor. Proceedings of the 
2nd International Symposium on Artificial Intelligence 
for Medicine Sciences; 2021. 

[3] Honda R, Tanaka H, Yasuda H. Oncoprotein MDM2 is a 
ubiquitin ligase E3 for tumor suppressor p53. FEBS 
letters 1997;420(1):25-27. 

[4] Sciot R. MDM2 Amplified Sarcomas: A Literature Review. 
Diagnostics 2021;11(3):496. 


[5] Borrero LJH, El-Deiry WS. Tumor suppressor p53: 
Biology, signaling pathways, and therapeutic targeting. 
Biochimica et Biophysica Acta (BBA)-Reviews on 
Cancer 2021;1876(1):188556. 

[6] Munisamy M, Mukherjee N, Thomas L, Pham AT, Shakeri 
A, Zhao Y, Kolesar J, Rao PP, Rangnekar VM, Rao M. 
Therapeutic opportunities in cancer therapy: targeting 
the p53-MDM2/MDMxX interactions. American journal 
of cancer research 2021;11(12):5762. 

[7] Lv Bb, Ma Rr, Chen X, Zhang Gh, Song L, Wang Sx, Wang 
Yw, Liu Ht, Gao P. E2Fl-activated SPIN1 promotes 
tumor growth via a MDM2-p21-E2F1 feedback loop in 
gastric cancer. Molecular oncology 2020;14(10):2629- 
2645. 

[8] Ghavidel Z, Momeni Moghaddam M, Hajjar T, Kohan- 
Baghkheirati E. Understanding the Effect of Natural 
Products on Breast Cancer via P53-MDM 2 Signal 
Pathway. Journal of Cell and Molecular Research 
2021;13(1):72-80. 

[9] Cahilly-Snyder L, Yang-Feng T, Francke U, George DL. 
Molecular analysis and chromosomal mapping of 
amplified genes isolated from a transformed mouse 3T3 
cell line. Somatic cell and molecular genetics 
1987;13(3):235-244. 

[10] Momand J, Zambetti GP. Mdm-2:“big brother” of p53. 
1997. 

[11] Oliner J, Kinzler KW, Meltzer PS, George DL, Vogelstein 
B. Amplification of a gene encoding a p53-associated 


115 


protein in human sarcomas. Nature 1992;358(6381):80- 
83. 

[12] Iwakuma T, Lozano G. MDM2, an introduction. 
Molecular Cancer Research 2003;1(14):993-1000. 

[13] Nakamura S, Roth JA, Mukhopadhyay T. Multiple lysine 
mutations in the C-terminal domain of p53 interfere with 
MDM2-dependent protein degradation and 
ubiquitination. Molecular and cellular biology 
2000;20(24):939 1 -9398. 

[14] Lee JC, Peter ME. Regulation of apoptosis by 
ubiquitination. Immunological reviews 2003;193(1):39- 
47. 

[15] Fang S, Jensen JP, Ludwig RL, Vousden KH, Weissman 
AM. Mdm2 is a RING finger-dependent ubiquitin 
protein ligase for itself and p53. Journal of Biological 
Chemistry 2000;275(12):8945-8951. 

[16] Freedman D, Wu L, Levine A. Functions of the MDM2 
oncoprotein. Cellular and Molecular Life Sciences 
CMLS 1999;55(1):96-107. 

[17] Park EY, Woo Y, Kim SJ, Kim DH, Lee EK, De U, Kim 
KS, Lee J, Jung JH, Ha K-T. Anticancer effects of a new 
SIRT inhibitor, MHY2256, against human breast cancer 
MCF-7 cells via regulation of MDM2-p53 binding. 
International journal of biological sciences 
2016;12(12):1555. 

[18] Wang W, Qin JJ, Rajaei M, Li X, Yu X, Hunt C, Zhang 
R. Targeting MDM2 for novel molecular therapy: 
beyond oncology. Medicinal research reviews 
2020;40(3):856-880. 

[19] Qin J-J, Wang W, Voruganti S, Wang H, Zhang W-D, 
Zhang R. Identification of a new class of natural product 
MDM 2 inhibitor: In vitro and in vivo anti-breast cancer 
activities and target validation. | Oncotarget 
2015;6(5):2623. 

[20] Zafar A, Wang W, Liu G, Xian W, McKeon F, Zhou J, 
Zhang R. Targeting the p53-MDM2 pathway for 
neuroblastoma therapy: Rays of hope. Cancer Letters 
2021;496:16-29. 

[21] Sehgal S, Tahir A. Molecular Modeling and Docking 
Analysis of CYP1A1 Associated with Head and Neck 
Cancer to Explore its Binding Regions. Journal of 
Theoretical and Computational Science 2014;1. 

[22] Tahir RA, Wu H, Javed N, Khalique A, Khan SAF, Mir 
A, Ahmed MS, Barreto GE, Qing H, Ashraf GM, Sehgal 
SA. Pharmacoinformatics and molecular docking reveal 
potential drug candidates against Schizophrenia to target 
TAARG. J Cell Physiol 2019;234(8):13263-13276. 

[23] Sehgal SA, Khattak NA, Mir A. Structural, phylogenetic 
and docking studies of D-amino acid oxidase activator 
(DAOA), a candidate schizophrenia gene. Theoretical 
Biology and Medical Modelling 2013;10(1):1-13. 

[24] Hassan S, Javid J, Sadiqua A, Mushtaq S, Fatima N, 
Mohsin A, Akram H. Thyroid Cancer TC-1: an insight 
from 3D structure prediction to virtual screening for 
computational drug design. Biomedical Letters 
2020;6(1):17-22. 

[25] Consortium U. UniProt: a worldwide hub of protein 
knowledge. Nucleic acids research 2019;47(D1):D506- 
D515. 


Biomedical Letters 2022; 8(2):109-116 


[26] Zardecki C, Dutta S, Goodsell DS, Lowe R, Voigt M, 
Burley SK. PDB-101: Educational resources supporting 
molecular explorations through biology and medicine. 
Protein Science 2022;31(1):129-140. 

[27] Prathima G, Ravindernath A, Rao PR, Sahithi P. 
International Journal of Pharmacy. 

[28] Lengths M, Angles M. Limitations of structure evaluation 
tools errat. Quick Guideline Comput Drug Des 
2018;16:75. 

[29] Laskowski R, MacArthur M, Thornton J. PROCHECK: 
validation of protein-structure coordinates. 2006. 

[30] Melo F, Devos D, Depiereux E, Feytmans E, editors. 
ANOLEA: a www server to assess protein structures. 
Ismb; 1997. 

[31] Lee YH, Specht T, editors. Remote access multi-mission 
processing and analysis ground environment 
(RAMPAGE). 2000 IEEE Aerospace Conference 
Proceedings (Cat No 00TH8484); 2000: IEEE. 

[32] Källberg M, Margaryan G, Wang S, Ma J, Xu J. RaptorX 
server: a resource for template-based protein structure 
modeling. Protein structure prediction: Springer; 2014. 
p. 17-27. 

[33] Du Z, Su H, Wang W, Ye L, Wei H, Peng Z, Anishchenko 
I, Baker D, Yang J. The trRosetta server for fast and 
accurate protein structure prediction. Nature protocols 
2021;16(12):5634-5651. 

[34] Rohl CA, Strauss CE, Misura KM, Baker D. Protein 
structure prediction using Rosetta. Methods in 
enzymology: Elsevier; 2004. p. 66-93. 

[35] Milne GW. Software review of ChemBioDraw 12.0. ACS 
Publications; 2010. 

[36] Yuan S, Chan HS, Hu Z. Using PyMOL as a platform for 
computational drug design. Wiley Interdisciplinary 
Reviews: Computational Molecular Science 
2017;7(2):e1298. 

[37] Studio D. Discovery Studio. Accelrys [21] 2008. 

[38] Pettersen EF, Goddard TD, Huang CC, Couch GS, 
Greenblatt DM, Meng EC, Ferrin TE. UCSF Chimera— 
a visualization system for exploratory research and 
analysis. Journal of computational chemistry 
2004;25(13):1605-1612. 

[39] Sehgal SA, Mirza AH, Tahir RA, Mir A. Quick guideline 
for computational drug design: Bentham Science 
Publishers; 2018. 

[40] Zhang Y. I-TASSER server for protein 3D structure 
prediction. BMC bioinformatics 2008;9(1):1-8. 

[41] Schwede T, Kopp J, Guex N, Peitsch MC. SWISS- 
MODEL: an automated protein homology-modeling 
server. Nucleic acids research 2003;31(13):3381-3385. 

[42] Fiser A, Sali A. Modeller: generation and refinement of 
homology-based protein structure models. Methods in 
enzymology: Elsevier; 2003. p. 461-491. 

[43] Hooft RW, Sander C, Vriend G. Objectively judging the 
quality of a protein structure from a Ramachandran plot. 
Bioinformatics 1997;13(4):425-430. 

[44] Sajid M, Marriam S, Mukhtar H, Sohail S, Sajid M, 
Sehgal SA. Epitope-based peptide vaccine design and 
elucidation of novel compounds against 3C like protein 
of SARS-CoV-2. Plos one 2022;17(3):e0264700. 


116 


